Introduction. In 1946 Montgomery and Samelson
introduced a generalization of the notion of a difïerentiable group action with one type of orbit besides fixed points. Such an object is essentially a locally trivial fibering except on a certain singular set over which fibres are pinched to points. In recent years there has been a fair amount of research on these MS-fiberings and similar singular fiberings. This paper is another effort in this direction. Fora fairly complete bibliography of the literature, the reader should consult the references, and in particular, (5) .
Let /:
, with M n a closed connected ^-manifold and S v the unit ^-sphere with standard difïerentiable structure, be the projection map of a smooth MS-fibering with finite non-empty singular set. It is known that (n, p) = (2m, m + 1), where m = 2, 4 or 8 and that the fibre must be a homotopy 1-sphere, 3-sphere or 7-sphere (13) .
In (2) . The main result of this paper is that this is the only possible kind of total space, thus classifying all MS-fiberings over spheres with finite singular set. In the cases m = 4 and m = 8, our classification is actually up to homeomorphism, and it seems reasonable to think that this is true for m = 2. We believe that use of results in (7) may give the classification up to diffeomorphism, at least for m = 4 and m = 8.
Our results have direct application to transformation groups, as do the results of (1; 2; 3) ; an example is the following result. n -A and / is a homeomorphism on the finite non-empty set A. In particular, the local product maps are to be diffeomorphisms. The usual example has been the suspension of a Hopf map 5 2m_1 -> S m for m = 2, 4, 8. The singular set in either of these cases is just a set of two points. The map/ is of less than maximal rank on the singular set.
A C°°-manifold M n , possibly with boundary, is m-parallelizable if its tangent bundle is trivial on the m-skeleton of M n provided with some piecewise linear structure. Clearly, every orientable manifold is 1-parallelizable. It was proved in (8) where the vertical isomorphisms follow from dimension considerations. We therefore see that the fundamental group of M A is cyclic.
Suppose that 7n(ikf 4 ) has torsion. Then there is a g-to-1 cover Af 4 of M A for some prime q. Let q denote this covering map and g the composition /O p.
It is easy to see that g is a proper singular fibering in the sense of Timourian (13) . As such, g may be factored into a smooth MS-fibering /' followed by a covering map p' also of index q. Clearly,
z must be homeomorphic to S 3 and thus it follows that p is a homeomorphism, a contradiction. Therefore, in (M 4 ) is torsion-free and is a free abelian group of rank at most one.
Suppose that 7n(ikT 4 ) ^ 0. Then we can always find a 2-to-l cover of M 4 .
Applying the argument above we again obtain a contradiction. Thus the proof of simple connectivity in the case m = 2 is complete. The cases m = 4 and m = 8 are similar, thus we will give details only for the case m = 4. By Timourian's local structure theory (13), the fibre is a homotopy 3-sphere. Then the fibre-homotopy sequence implies that which yields the result since M 8 is already 2-connected.
Note that in the case m = 8 we would use
from (2, p. 183), instead of (2) above.
Proof of Proposition 1.
We will need the following result.
LEMMA 5. Proof. It is easy to see that i*: 7r ç (ikf 2w -^4) -> 7r ? (if 2w ) is an isomorphism for g ^ 2m -2. By Whitehead's theorem, **:
the desired conclusion follows via the 5-lemma.
In order to show that M 2m is of Type II, it is enough to show that The local structure theory (13) 
